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Involvement of Guggenheimella bovis in digital dermatitis lesions of dairy cows
and is an ulcerative acute or chronic inflammatory disease affecting the 34 bovine foot. DD lesions most frequently involve the plantar skin areas proximal to the coronet 35 of the hind limbs of dairy cattle (Blowey & Sharp, 1988; Read & Walker, 1998) and 36 constitute an intensely painful condition, which may persist for weeks and even months 37 impairing the general condition of the affected cattle. Episodes of lameness, weight loss and 38 decrease of milk yield are consequences frequently described (Blowey, 1990 Recently, high numbers of a previously undiscovered bacterial species, Guggenheimella 53 bovis, have been found in two independent cases of DD (Simmental x Red Holstein heifers) in 54
Switzerland. The obligate anaerobic short to coccoid Gram-positive rods have been isolated 55 from the very front of both lesions and display a chymotrypsin-like proteolytic activity (Wyss 56 et al., 2005) . Both findings suggest an important role of G. bovis in the aetiology of DD. In 57 the present study dot blot hybridization experiments were performed to determine the 58 prevalence of G. bovis in German dairy cows suffering from DD. Furthermore, fluorescence 59 in situ hybridization (FISH) was used to analyse the distribution of G. bovis within DD 60 lesions and its topographical relation to other potential pathogens. (Fig. 1) . In all FISH 142 experiments performed as determined above cultured G. bovis was reliably detected both by 143 the specific probe GUBO1 and by the eubacterial probe EUB 338, while T. magadiensis could 144 only be detected by the probe EUB 338 (Fig. 2) . All of the examined DD samples from 145
German cattle showed large amounts of various morphological types of bacteria stained by 146 EUB 338 and displayed the characteristic structure of DD ulcers (Fig. 3) with spirochetes or 147 fusiform bacteria being the very outriders invading the tissue at the front-of-lesion (Nordhoff 148 & Wieler, 2005) (Fig. 4) . However, G. bovis could not be visualized in any of these tissue 149 slides, neither in the superficial parts of the ulcers nor in the centres of the lesions and in 150 particular not at the apical borders (Fig. 3) . concluding that an involvement of this organism in the aetiology of DD is improbable 163 considering the low prevalence -a conclusion which is consistent with the results of our 164 epidemiology on German cattle. Nevertheless, we submitted two of the Swiss biopsies tested 165 positive for G. bovis to FISH to determine its role in the architecture of DD biofilms. We 166 succeeded in visualizing G. bovis in these tissue sections in high numbers. Only few of these 167 bacteria appeared as single cells, while most of them formed characteristic spherical 168 microcolonies. Some of these colonies were observed among the other bacteria in clearly 169 affected areas of the biopsy (Fig. 5) , but the majority of them could be found in deeper, 170 seemingly unaffected parts of the tissue. The biofilm structure of the Guggenheimella-positive 171 ulcers and the bacterial morphotypes involved differed considerably from the characteristic, 172
spirochaete-dominated lesions we observed in the 58 biopsies of German cows. 173
These results underline that FISH is a valid tool offering detailed information about the tissue 174 distribution of one or more bacterial species in DD biofilms. They prove that previous 175 detection of Guggenheimella (Strub et al., 2007; Wyss et al., 2005) has not been due to 176 contamination by environmental bacteria. G. bovis can be part of the bacterial population in 177 DD lesions and it is tissue invasive. As the organism could even be visualized in unaffected 178 parts of the biopsy way ahead of the advancing bacterial front, one can conjecture that its role 179 for the development of the DD biofilm might be an important one, that, in certain cases, it 180 might prepare the ground for the following bacterial invasion. However, in the vast majority 181 of the examined biopsies G. bovis could not be detected at all, and it is thus highly improbable 182 that its presence constitutes an essential prerequesite for the disease. Considering the striking 183 morphological differences between these Swiss lesions on the one hand and the 58 German 184 lesions on the other, it is tempting to speculate whether there is more than just one entity of 185 DD, that the process of mixed bacterial infection and inflammation leading to the ulcers is not 186 always alike, and that in one of at least two entities the participation of G. bovis might be 187 decisive. However, further and more comprehensive epidemiological data about the various 188 potential DD pathogens, Guggenheimella bovis among them, need to be gained. One cannot 189 overestimate the importance of in situ techniques for this purpose. 
